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President-EARDLEY HOLLAND, F.R.C.S. [October 19, 1934] Contraction Ring: Treatment by Amyl Nitrite, with Observations on the Pharmacological Action of Nitrite By C. R. CROFT, D.M., M.R.C.P. INTRODUCTION .-Contraction ring is a rare condition, but anyone who meets and recognizes it appreciates at once its reality, as well as its gravity. Surgery offers a convenient, if rather elaborate way out in this, as in other, obstetrical difficulties, but it is a ruse that offers little satisfaction as a solution to these problems, quite apart from its danger in cases where other manipulations have already taken place.
In 1927 I had the misfortune to deliver a woman with contraction ring of a foetus affected with gas gangrene. The method adopted was morcellement, a crude and haphazard proceeding, with little or no literature attached to it. The main difficulty lies in getting the foetal pelvis past the obstruction, which in this instance was a contracted zone from two to three inches long, and of a size closely to fit the wrist. Chancing upon a method of doing this, I feel it is worth putting it on record for future performers.
The head and arms must first be removed, and the spine cleared of ribs and abdominal walls. These are best stripped off with strong forceps, assisted by the fingers; a proceeding which is greatly helped if the cervical spine is held firmly and some traction exerted, so that as each part is removed further parts are drawn into reach of the fingers. The breech then lies above the obstruction, attached to the denuded spine. The spine is steadied by an assistant while the operator, using cleidotomy scissors, snips through the bone, close to the junction of the spine and pelvis on each side, in the region of the sacro-iliac joint. If the spine is then twisted, it is easy to divide the soft parts with a finger, and the spine is detached and removed, together with the sacrum. The symphysis pubis is then divided anteriorly, and after the soft tissues are torn through, each leg is removed separately, together with the corresponding ilium, ischium and pubis.
It is not suggested that this is a delicate procedure, but it is a possible one. It was from a study of the literature of contraction ring, subsequent upon this that the use of amyl nitrite appeared to offer a sound and effective method of treatment, the value of which has long lain dormant and unconnected in the archives of medicine.
I propose also to describe some simple experiments on the action of nitrites on smooth muscle, which I hope will give further confidence to those who decide to employ amyl nitrite in cases of contraction ring.
History.-The history has been summarized in another paper [1] from the time of 8mellie onwards. The first landmark is the thesis of Ch6ron, 1899 [21 in which MAR.-OBSTET. 1 are described fifty-nine cases. No distinction is drawn between hour-glass contraction and retraction of obstructed labour. Where treatment is concerned, the paper is largely devoted to the comparative difficulty and danger of embryotomy and version.
In 1913 Clifford White [31 distinguished 'between contraction ring and retraction.
In reviewing treatment he first makes the valuable observation that expectant measures are useless. He mentions the drugs in common use at the present time, chloroform and morphia, and in a list of other drugs that have been employed, mentions two cases successfully treated with amyl nitrite. None of these drugs does he regard as of material value.
In his collection of ninety cases he finds that when laparotomy was performed the maternal mortality was 31-5% and the foetal mortality 42%, whereas in cases in which no laparotomy took place the maternal mortality was 58% and the fcetal mortality 63%.
Mr. Gilliatt [4] has recently reviewed the situation. In his total series of fourteen cases he has the satisfaction of twelve surviving mothers. In ten cases in which Causarean section was performed he lost one mother and nio children. He mentions a case (No. 14) in which nitfite was used. His valuable comments will be mentioned later.
The six published cases of successful treatment by amyl nitrite may be summarized as follows:--(1) Barnes' case [5] .
In 1882, fifteen years after Brunton's first experiment with cases of angina pectoris, Barnes was called to a woman aged 22, recently delivered of her second child. The placenta had bpen retained for six hours. The external os and cavity of the cervix were fully dilated and a contraction was present at the internal os and above it, which only allowed the admission of one finger. The midwife had given ergot as soon as the child was born, and as an antidote to this, Barnes administered three drops of amyl nitrite on a handkerchief. He described the effect as follows: " During the inhalation the ring of muscular fibres round the os internum, which had been so rigid as to be absolutely undilatable, steadily yielded until I could pass the.whole hand into the uterus and reach the placenta, which was universally adherent."
(2) Steele's case [6] . In the next year Steele described a similar case in which he employed amyl nitrite, having read Barnes' report.
The woman was a negress who had been delivered five hours previously and had lost a considerable amount of blood. The report continues as follows: " No effort had been made to remove the after-birth; she had been, and was still, having 'pains.' Having learned this I supposed I would have but little trouble, so I gave a dose of ergot as a precaution against after-beemorrbage and proceeded by expression and slight traction to remove the placenta. After considerable effort and further examination I concluded that I had hour-glass contraction to deal with sure enough, and fearing that the ergot might possibly make matters worse I proceeded to make her inhale the vapour of amyl freely. When she began to feel the effects of it I handed the handkerchief to the 'granny,' that the amyl might be continued, while I made an effort to remove the placenta. The finger, as before, could easily follow the cord up to the tightly contracted part of the womb, but it would go no further and my efforts at removal failed again. All this time (only a few minutes however) she had been inhaling the amyl. I now oiled my hand and arm, determined to proceed in the orthodox way, but on introducing my hand into the vagina I was gratified to feel the placenta already slipping out of the womb. It was removed without further trouble and the woman did well."
(3) Souttar's first case [7] .
The patient had been twenty-four hours in labour, with a shoulder presentation, the uterus was in a state of continuous or tonic contraction and attempts at version were futile, the ring of 6ntraction admitting only three fingers. Embryotomy was attempted; the arms were cut off, but further progress was impossible.
The description continues: "At this juncture it happeDed, fortunately for the patient, that her general condition caused Dr. Kennedy to point out that she had had as much chloroform as he considered safe, if not a little more. As her pupils were rather dilated and her breathing shallow, he suggested giving a ten-minim inhalation of amyl nitrite as an antidote to the chloroform. I cannot take any credit for anticipating that which happened next; but fortunately I still had my hand in the vagina, trying to overcome the grasp of the womb and bring down a leg. My confriere snapped two five-minim capsules of amyl nitrite and held them under the patient's nose. After what seemed like an interval of about ten seconds, and suddenly, as if something solid had given way, the contraction of the womb relaxed under my hand, which passed easily up to the fundus and seized a leg, after which delivery was finished in a few minutes." No notable hmemorrhage occurred.
(4) Souttar's second case.
The patient was a multipara, who had been in labour for twenty-four hours and appears to have had a contraction ring. Souttar bore in mind his previous experience, but understood the value of a control. In his own words: " For the sake of accuracy we decided to make an honest try to deliver with chloroform alone if possible." Attemizpts with forceps failed and he was satisfied that delivery by this means was impossible. The inhalation of ten minims of amyl nitrite was followed by sudden delivery, Souttar's description being as follows: " So sudden and completely did all contractions cease from that moment that the child was lying on the bed before my colleague, having given the inhalation, had time to fetch his bag from the next room." There was no post-partum hoemorrhage.
(5) The fifth case I saw myself.
A woman of 43 was in the eighth month of her eleventh pregnancy. Labour pains began at 10 a.m. and were described as terrible, until the membranes ruptured at 2 p.m. Pains then ceased until at 4 p.m. she had a severe pain, which was followed by considerable hEemorrhage. Examination at 4.30 p.m. showed the vagina and lower uterine segment to be distended with blood-clot. The os was perceptible as a slack ring in the wall of the lower uterine segment and at a distance of 1i to 2 in. above the os, the uterine wall was contracted to form a rigid canal extending upwards for at least 2 in. and of a uniform diameter of about 2 in. Through it could be felt the lower limbs Qf a premature infant. A leg was brought down, a fillet attached to the ankle and firm traction made upon it. This resulted in avulsion of the foot. The other leg was brought down and the abdomen of the fastus was now compressed by the ring so tightly that no further progress could be made. Conditions were unchanged for ten minutes, when an inhalation of six minims of amyl nitrite was given. For one minute no change could be felt in the consistency of the ring, but at the end of this time traction on the trunk caused easy descent of the fcetus and further examination was not practicable. Delivery was complete in three minutes. There was little trouble with the placenta, and hemorrhage was slight.
(6) Gilliatt's case.-Mr. Gilliatt's comment is as follows "In one of my cases, No. 14, three minims were used with magical effect, and I feel sure it is worthy of use in all cases in which the cervix is sufficiently dilated to enable delivery to be completed if relaxation of the ring can be obtained, and also in cases of hourglass contraction during the third stage of labour. I feel doubtful of its value in cases in which cervical dilatation is small in amount, not more than two or three fingers.
The history and early uses of nitrites.-I propose to deal mainly with work which appears to have a direct bearing on the matter in hand. A more complete r6sum6 is available [81.
The first publications of a pharmacological action of nitrite were made in 1859 by Guthrie [9] , who noticed flushing of the face, throbbing of the carotids and acceleration of the heart's action in the human subject. Unpublished experiments by Dr. Arthur Gamgee showed that amyl nitrite greatly reduced the arterial tension, in both animals and man. He observed that the sphygmographic tracing of the radial pulse underwent remarkable change, the waves becoming much more frequent, and their ascent, and-especially-their descent, much more rapid, while the pulse-rate and the pressure in a manometer connected with the carotid of a rabbit fell when a vapour of nitrite was inhaled.
The first experiments of Gamgee were witnessed by Lauder Brunton who, while house physician at Edinburgh Infirmary, observed that bleeding, to the extent of two or three ounces, was the most effective method 'of relieving pain in cases of angina pectoris. He therefore decided to employ a drug which had the power of lessening blood-pressure.
In the spring of 1867 [10] he obtained some pure nitrite from Dr. Gamgee and later a less pure product from Macfarlan and Co. and with the permission of Dr. Hughes Bennett he administered the drug to a blacksmith suffering from angina pectoris, combined with aortic obstruction and regurgitation. Relief of symptoms following in from thirty to sixty seconds.
The main interest of the case, in connexion with the present inquiry, lies in the record of pulse tracings taken on May 28 before and during an attack, and also while the attack was being relieved by nitrite [11] . These support the clinical observations on the pulse, in showing that during the attack of pain there is a great lessening of the elasticity of the pulse-pressure, and that the effect of amyl nitrite is to hasten the restoration of the pulse diastole. Clinical observations showed in addition that as the pain increases in severity, the pulse becomes smaller and the arterial tension becomes greater. The pulse tracings therefore indicate not a defective systolic rise, but rather a defective relaxation of the walls of the arteries.
Brunton's comment runs as follows "This form of curve clearly indicates that the arterial tension is much increased and this increase can, I think, be due only to contraction of the small systemic vessels, so sudden and so great as well to deserve the name of spasmodic." The nitrites would appear to bring about a restoration of the " vascular diastole."
The direct action of nitrites on smooth muscle.-Little work appears to have been published to show the direct action of nitrites on smooth muscle. Cow [12j performed twelve experiments with lengths of artery suspended in saline, to which a solution of sodium nitrite was added. Dilatation in these cases was abrupt in character, the maximum degree of dilatation was soon attained and the vessels remained dilated for a considerable time.
Atkinson's experiment L13] on ureters is often quoted: A rabbit was killed by bleeding, and kept in a hot chamber. Saline was passed through one ureter and saline with nitrite added to it was passed through the other. There was marked dilatation with nitrite, shown by the inecise of flow of the fluid.
It will be seen that investigations into the actions of nitrites show a singular lack of simple experiments. Primary issues have been overlooked by reason of the overwhelming importance of the cardiovascular effect.
Investigations were therefore undertaken to decide the effect of nitrites on uterine and intestinal muscle under simple experimental conditions. I have to thank Professor J. A. Gunn for much help and advice in this work.
Tissue was taken from guinea-pigs, rabbits and man. Strips of tissue were suspended in a vessel containing modified tyrodes solution and kept at 370 C. by means of a water bath. A stream of oxygen was bubbled through the solution.
The vessel contained about 100 c.c. of fluid, which could readily be changed. Drugs to be tested were introduced into the tyrode by means of a pipette and gently stirred, and tests were made to show that this did not vitiate the result. Changes in length of the muscle were recorded by means of a straw lever on a slowly moving kymograph. The cardinal difficulty was the experimental production of a spasm which in any way approaLched the intensity observed in a contraction ring.
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In twenty-one trials in which a condition which could be called a spasm was produced, eight followed the use of histamine, four apparently resulted from a lack of oxygen, two followed the use of adrenalin, two, the use of pituitrin plus a lack of oxygen, one, the use of barium chloride and four were unaccountable. Histamine therefore appeared to be the most effective method of producing the necessary spasm. A lack of oxygen was found to produce some degree of spasm, but this was liable to sudden spontaneous remissions, so that nitrite effect was not always clear.
Human uterine tissue. Slight irrecular contractions at raised tone following pituitrin (P). Appreciation of nitrite (N) to this is followed by great improvement of beat, affecting mainly 'diastole.
Human uterine tissue: Slight rhythmical contractions at raised tone following histamine.
Greatly improved rhythmical contractions following application of nitrite.
An effective spasm can be produced by administering pituitrin and then shutting off the oxygen.
The results of seventy-six trials of the action of nitrite on smooth muscle under various circumstances can be summarized as follows:
Commentary on experiments.-It will be seen from this (column 1, page 43),that under experimental conditions nitrites tend to have no effect upon the normal rhythmical contractions of smooth muscle. Large doses cause a gradual weakening of beat, with a final cessation of diastole.
Human uterine tissuie. Increased "tone" with absence of rhythmical contractions induced by histamine. Application of nitrite is followed by restoration of rhythmical contractions at slightly lower level.
Human uterine tissue. Increased tone with slight irregular contractions following pituitrin.
Application of nitrite is followed by restoration of rhythmic contractions.
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In three instances a temporary complete cessation in diastole of the beat of uterine muscle of the rabbit was obtained, but a similar effect was not obtained with any other tissue. On the other hand, the more the condition of the muscle tends towards spasm, the more change does nitrite produce.
An increase in the tone of smooth muscle, with continued rhythmical contraction, can be produced with comparative ease (columns 2 and 3), but upon this nitrite has uncertain effect. If, however, a cessation of the beat in the systole can be produced (column 4), nitrite tends to cause a restoration of diastole, and in this manner the rhythmic beat is restored, the restoration being somnetimes accompanied by a lessening of tone. EFFECT Clinical evidence in support of this is provided from two sources. First, Lauder Brunton's pulse-tracings in a case of angina pectoris. Secondly, the effect of sudden delivery in cases of contraction ring of the uterus treated by nitrites, without any ensuing flaccidity of the muscle-wall, such as would give rise to post-partum htemorrhage. An absence of post-partum hamorrhage is one of the more striking features of the nitrite treatment of this condition.
The administration of nitrites may be regarded as a safe and efficient method of treating contraction ring. Discussion.-Mr. W. GILLIATT said that he had used amyl nitrite in cases of this condition, and considered that it was of the greatest value in cases in which there was sufficient cervical dilatation for delivery to be completed at once, but he was not sure that it was of value when the dilatation of the cervix was small-i.e. about two fingers. He had met with six cases this year, but in one amyl nitrite was not used. In the three cases in which it was used, it caused immediate and complete relaxation of the ring, so that delivery could be completed at once by forceps without any unusual amount of traction. In the two cases in which it failed, one patient had inhalations during two succeeding pains, an ampoule containing 5 minims of amyl nitrite being broken under the anmesthetic mask for each pain. In this case Cesarean section was carried out subsequently. In the second case in which it failed, it was used for an hour-glass c6ntraction during the third stage of labour. The placenta was retained, owing to this condition and rapid injection of the umbilical cord with saline failed to make delivery of the placenta possible. A hand was passed into the uterine cavity and it was found that two fingers would not pass through the ring. An ampoule containing 3 minims of amyl nitrite was broken under the anmesthetic mask and relaxation immediately occurred, allowing four fingers to be passed, but before separation of the placenta could be carried out, the ring had re-formed and had to be dilated manually in order that the placenta might be removed.
Mr. CHASSAR MOIR: Much of our knowledge of contraction ring is due to the work of Clifford White who, many years ago, clearly distinguished between retraction ring (or ring of Bandl) on the one hand, and contraction ring on the other. Even now, the two conditions are sometimes confused; especially is this so in American literature where Bandl's ring is often wrongly called contraction ring. Mr. Clifford White has given me permission to show his excellent specimen of a uterus with a contraction ring. This specimen has already been shown to the Section, and is fully described in the Proceedings, 1913, vi (Sect. Obst., 70), but no apology is needed for showing it once more. The patient was in labour for five days, the membranes having ruptured on the second day. An attempt was made by the patient's doctor to perform internal version because of a prolapsed hand. On admission to hospital it was found that intra-uterine manipulation was impossible because of a tight constriction of the uterine wall around the fetus. Morphine, gr. , and deep chloroform anestbesia did not relax the spasm. The abdomen was then opened, and a hysterectomy performed with the foetus still in utero. The specimen is remarkable for the thick muscular constriction which has formed in the groove of the fetal neck. The thickness of the uterine wall above and below the constriction is very nearly the same-a state of affairs quite different from the findings in cases of mechanical obstruction associated with retraction ring.
My own experience of contraction ring concerns one case. A patient aged 35, and pregnant for the first time, had been in labour thirty-eight hours. Her general condition was good, but as the second stage had lasted about six hours and she was beginning to show signs of distress, the forceps was applied. It was found that the fcetal head could be brought down as far as the vulva, but when the pull was relaxed the head receded into the vagina. When it was seen that no progress was being made with a reasonable amount of traction, the forceps was removed, and a hand passed into the vagina. A broad, tight band of uterine muscle was felt around the fcetal neck making it impossible to reach up to the shoulders. Forceps was reapplied; amyl nitrite was administered on the aniesthetic mask till the patient showed marked blushing, and the anesthetic was then deepened. Traction was resumed, and the foetus (7 lb. in weight) was delivered with ease.
Dr. Croft's experimental work on nitrites has interested me in another respect. Since nitrites relax uterine spasm so successfully, it seems reasonable to give them in cases of intrinsic dysmenorrhcea. This suggestion was made to me some months ago by Dr. Rae Gilchrist, and I have already tried it in a few cases. Unfortunately the results so far have been disappointing, but in view of the experimental work presented to us to-night, it may be worth while to give a further trial to this line of treatment.
Mr. JAMES WYATT related two cases. The first he saw in 1932; the patient was a primigravida. Twenty-seven hours after labour commenced the os was not fully dilated but forceps were applied. Five and a half hours later the os was dilated, and forceps were applied again, but the head could not be moved. A very tight contraction round the neck of the fcetus was found. Two injections of morphia, one-sixth of a grain, and a capsule of amyl nitrite had no effect. Five hours later he applied forceps, but was unable to shift the fcetus; he put his hand in, and found the ring still present. Ether was used, and a capsule of amyl nitrite was broken in the Clover's inhaler, and within two minutes there was relaxation and the fcetus was easily extracted.
In another case, also in a primigravida, there was a tight ring. Nitrite of amyl was given in a Clover's inhaler, and with gentle pressure the placenta was expelled.
Dr. CROFT (in reply to Mr. Chassar Moir) said that Leech had described the use of nitro-glycerine in tablet form, for dysmenorrhcea, and reported that it was of service.
He suggested that sodium nitrite, 1 gr., should be employed in a simnilar manner.
